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Evaluating oligomerization state of FPs
To estimate the number of protein particles in the aggregate (i.e. quaternary structure), we measured steady-state fluorescence anisotropy of the corresponding solutions as a function of viscosity and obtained the diffusional correlation time and rotational hydrodynamic volume of a particle in buffer solution. The viscosity was changed by gradually adding glycerol to the solution. Anisotropy values at different viscosities were measured with an LS-55 fluorimeter (Perkin Elmer). This dependence is described by the Perrin equation:
where r is the measured fluorescence anisotropy, r 0 * is the observed limiting anisotropy (i.e. extrapolated to infinite viscosity) that depends on the angle between absorption and emission dipoles; τ is the fluorescence lifetime; k is the Boltzmann constant, T is the absolute temperature; V is the rotational hydrodynamic volume of a particle; and η is viscosity. In the presence of homo-FRET between monomeric subunits in the aggregate, r 0 * reflects the average equilibrated emission dipole direction with respect to the excited dipole direction. Since homo-FRET usually occurs on sub-nanosecond timescale in GFP-containing aggregates, [2] [3] [4] [5] which is much faster than the rotational correlation time (tens of nanoseconds), According to eq 1, the ratio of the intercept and slope of these plots provides (2) for each plot. We obtained fluorescence lifetimes τ, as a product of radiative lifetime τ R and quantum yield φ ( Table 1 of the main text). τ R was calculated using the StricklerBerg equation 6 from the absorption and fluorescence spectra. Using the fluorescence lifetimes and the viscosity of water at 22 ºC, 0.96 cP, we calculated rotational volumes V from eq 2. Rotational correlation times were then evaluated from the relation τ rot = Vη / kT. 1 These data are presented in SI Table 1 .
To verify this method, we first examined EGFP and dTFP0.2, which are known to be monomeric and dimeric, respectively. The rotational correlation time of EGFP was 14.4 ns, well within the range of correlation times (13.5-17 ns) measured for monomeric wtGFP and its mutants, including EGFP. . In comparison, the rotational time was previously reported to be 34 ns for the dimeric cgreGFP mutant. 2 Additionally, the rotational time and hydrodynamic volume for the tetrameric FP DsRed were estimated previously as 53 ± 8 ns and (220 ± 30) x 10 3 Å 3 , respectively. 5 These benchmarks allow us to estimate the oligomerization state of the three other FPs at different concentrations; see SI Table  1 . Some deviations from linearity of the Perrin plots for Rosmarinus and tetrameric amFP486/K68M at large percentages of glycerol (> 40%) could be due to transitions between oligomeric states. These transitions may occur if glycerol molecules, which are less polar than water, start to efficiently disrupt the contact between hydrophobic patches of the corresponding oligomers. 13 SI Figure 1 . 2PA, 1PA, and emission spectra of all FPs presented in the paper. Bottom, top, and left axes are the laser wavelength (in 2PA), one-photon wavelength, and two-photon cross section, respectively. Right axis shows the extinction coefficient for the 1PA spectra. C is the concentration of FP used in this work; τ is the fluorescence lifetime; τ rot is the rotational correlation time obtained from the Perrin plots; V is the rotational diffusion volume of the protein particle; r 0 * is the limiting fluorescence anisotropy value obtained from the Perrin plots.
